accepted april 11, 2013 introduction traumatic brain injury (tbi) is a leading cause of death and disability in young adults (1) . a large proportion of patients with moderate-to-severe tbi experience long-term physical and cognitive impairment as well as emotional and psychosocial problems, which often have negative effects on patients' independence and productivity (1) (2) (3) (4) (5) (6) . employment is an essential area of participation for the entire working age population and is a particular challenge in tbi (7, 8) .
employment rates after tbi vary widely between studies. a review by shames et al. (7) found that 13-70% of tbi patients returned to work (rtw) between 6 weeks and 7 years postinjury. a systematic review by van velzen et al. (9) found that approximately 40% had returned to work 2 years after tbi. the discrepancy between studies may partly be due to variations in the data collected and a lack of consistency in methodologies. Different definitions of employment and employment systems may further increase the variance in reported rates. some longi tudinal studies have noted that employment rates increase over time after tbi (10, 11) , whereas others have suggested increased unemployment among individuals with tbi (12) .
Kreutzer et al. (11) investigated employment stability by following previously employed patients over a period of 4 years after injury. the study found that only 34% of patients were stably employed (employed at all 3 follow-up times). twentyseven percent were unstably employed (employed at 1 or 2 follow-up times), and 39% were stably unemployed. fleming et al. (13) investigated whether the patients' work situation changed from before the injury to the follow-up an average of 3.5 years after tbi. a total of 46.5% patients had returned to work at follow-up. of these patients, 74.5% were working in the same or a similar job as they had held before the injury.
over the last decade, researchers have become increasingly concerned about the influence of personal and environmental factors on health and functioning after tbi (5, 7, 14) . according to the International Classification of Functioning, Disability and Health (icf) (15) , personal factors are "the particular back-ground of an individual's life and living, and comprise features of the individual that are not part of a health condition", such as gender, race, age, social background, education, profession, etc. Environmental factors are defined as "the physical, social and attitudinal environment in which people live and conduct their lives", such as products and technology, support and relationship, services, systems and policies.
personal factors associated with lower employment rates after tbi include male gender, older age, less education, unemployment prior to injury, single status and affiliation with ethnic minority groups (5, 7, 11, (16) (17) (18) (19) . among the environmental factors, whiteneck et al. (20) reported that transportation barriers, surroundings, government policies, attitudes and the natural environment were related to less productivity 1 year post-injury. vogenthaler et al. (21) found that the informal social support system was positively associated with employment outcomes at 4-7 years post-injury.
less is known about the factors related to employment outcomes after tbi in scandinavia (18, 22) . there is reason to believe that the most important factors influencing employment in these countries differ from those reported in prior research with us samples. the scandinavian countries are welfare states that provide healthcare, insurance against disability, sickness and unemployment, and old-age pensions for all citizens. there is a long tradition of organization and resource allocation within the scandinavian healthcare systems for the comprehensive rehabilitation of patients with long-term disabilities (23) . such organization may lead to variation in the environmental factors that are important for employment outcomes in these countries compared with countries with other state systems.
the aims of this study were: (i) to describe employment outcomes 2 years after moderate-to-severe tbi; and (ii) to assess the role of pre-injury and 1-year post-injury personal and environmental factors in predicting employment outcomes 2 years after moderate-to-severe tbi in a norwegian patient population. Because personal factors are generally not modifiable, we recorded environmental factors at the 1-year followup, to identify factors for which facilitation or intervention may be needed to improve outcomes in the later stages of injury.
material and metHods
Design and study sample a prospective cohort study was conducted with clinical follow-up evaluations at 1 and 2 years after injury. patients with acute tbi were admitted to oslo university Hospital, ulleval, from may 2005 to may 2007. this hospital is the trauma referral centre for the southeast region of norway, with a population of nearly 2.6 million people. inclusion criteria included: (i) age 16-55 years; (ii) residence in eastern norway; (iii) admitted with International Classification of Diseases 10th edition (icd-10) diagnosis s06.0-s06.9 within 24 h of injury; and (iv) considered to have moderate-to-severe tbi with a Glasgow coma scale (Gcs) (24) score of 3-12 before intubation. exclusion criteria included: (i) previous neurological disorders/injuries; (ii) associated spinal cord injuries; (iii) previously diagnosed severe psychiatric or substance abuse disorders; and (iv) unknown address or incarceration. a total of 160 patients met the inclusion criteria. twenty-seven patients (17%) refused to participate, and 23 (14%) died in acute or post-acute care. ten (6%) patients had incomplete data and were later excluded, leaving 100 (63%) patients for analysis.
Assessments
Independent variables. According to the ICF classification system (15) and a study by devitt et al. (14) , the variables of interest were divided into personal and environmental factors. personal factors include sociodemographic factors, such as age, gender, education, work demands, marital status and child-care. environmental factors include social (support by friends), institutional (number of rehabilitation services used, use of long-term and well-coordinated healthcare services in the form of an individual plan), and physical (access to own transportation, i.e. driving a vehicle) factors.
Acute phase. Information on age (divided at the mean, ≤ 31 vs > 31 years), gender (male vs female), education (≤ 12 years vs > 12 years), marital status (living together with spouse/partner/family vs living alone), pre-injury employment status (employed vs unemployed) and work demands (physical or non-physical, blue or white collar, respectively) were collected in the acute phase. the Glasgow coma scale (Gcs) score assessed initial injury severity and divided patients into moderate (score 9-12) and severe (score 3-8) tbi (24) .
1-year follow-up. employment status, marital status and child-care (yes vs no), support by friends (yes vs no), the spectrum of rehabilitation services used (i.e. access to community-based rehabilitation services: day care (nurse and/or personal assistant), physiotherapy, occupational therapy, speech therapy, psychologist, social worker and others) dichotomized into none vs 1 or more, having an individual plan (yes vs no), and driving a vehicle (yes (permitted to resume driving after accident) vs no (not permitted to resume driving or without driver's licence)) were registered at 1-year follow-up. responsibility for child-care and support by friends were explored through the community integration Questionnaire (ciQ) and the questions "who usually cares for the children in your home?" and "Do you have a best friend in whom you confide?", respectively (25, 26) . in the present study, the internal consistency of the CIQ scale was measured with Cronbach's alpha and found satisfied (α = 0.827). Child-care was dichotomized into yes ("yourself"/"yourself and someone else") and no ("someone else"/"not applicable").
Dependent variable. the outcome measure was employment status 2 years after tbi. employment was dichotomized into employed and unemployed, where employment was defined as working part-/full-time or studying. An inclusive definition of employment was used including other productive activities, such as studying, as described in our previous studies (18, 6) . the students denoted persons who are studying at a high school, college or university in order to enter particular professions. working or studying full-time is equal to 37.5 productive hours per week (i.e. 100%) and part-time employment was defined as working less than 37.5 h per week. the unemployed group consisted of individuals with tbi who were unemployed or on sick leave/disability pension.
Procedure pre-injury and injury-related data were extracted from medical records in the acute phase. at 1-and 2-year follow-ups, an assessment was performed, and patients were interviewed by the physiatrist in the outpatient department. due to patients' requests, 6 assessments and interviews were conducted in patients' homes. the study was approved by the regional committee for medical research ethics, east norway, and the norwegian data inspectorate. written informed consent was obtained from all participants.
Statistical analysis
all analyses were performed using pasw (formerly spss) version 18.0. We used two-sided statistical analysis and a 5% significance level. descriptive statistics, t-tests and mann-whitney U tests were used for continuous variables, and χ 2 were used for categorical variables.
univariate logistic regression analyses were conducted to examine differences in personal and environmental factors between unemployed and employed patients (table i) . we conducted a multivariate logistic regression analysis (backward: wald method) with employment at the 2-year follow-up as the dependent variable and included independent variables based on the significant factors from the univariate analysis. In addition, the model was adjusted for injury severity by including acute Gcs scores as an independent variable. the categories with the highest number of patients were used as reference groups, except for the variables of support from friends, individual plan and pre-injury employment. two regression models were developed, the first without and the second with employment status pre-injury as an independent variable. the literature indicates that employment before an injury is strongly associated with employment after the injury. therefore, we chose to run a model without pre-injury employment in order to highlight the relationships of less frequently investigated factors. the results are presented as odds ratios (OR) with 95% confidence intervals (CI) and p-values, nagelkerke and cox & snell r 2 . possible multicollinearity and the presence of outliers were examined before running the multivariate logistic regression analysis. The Hosmer-Lemeshow goodness-of-fit statistic was computed. results the study sample had a mean age of 31 years (standard deviation; sd 11.4), and 77% were men. based on acute Gcs scores before intubation, 68% of the patients had severe tbi, and 32% had moderate tbi. at the time of injury, 56 (67.5%) of the individuals in the employment group were working fulltime, while 4 (4.8%) were working part-time and 23 (27.7%) were studying. seventeen patients were categorized as unemployed at the time of injury. of these patients, 8 were in fact unemployed, 1 was on long-term sick leave, 3 received work assessment allowances, and 5 were on disability pension. differences in personal and environmental factors at the time of injury and at the 1-year follow-up in relation to employment status 2 years after moderate-to-severe tbi are presented in table i.
Employment outcome 2 years after injury
of all the patients, 50% were employed at 1-year followup. eighteen patients (36.0%) worked full-time, 18 (36.0%) worked part-time and 14 (28.0%) were studying. two years after the tbi, the employment rate had decreased to 44%. twenty-six (59.1%) patients were working full-time, 15 (34.1%) were working part-time and 3 (6.8%) were studying. of the 44 patients employed at 2-year follow-up, 40 patients (91%) were stably employed (employed at both follow-up times). of these, 38 (95%) were working in a similar job at both the 1-and 2-year follow-ups. of those who were stably employed, 28 patients (70%) had no change in the number of work hours, whereas 11 (28%) experienced an increase in the hours they worked, and only 1 person (3%) had a decrease in work hours. of the 17 patients who were unemployed before their injury, only 1 was employed at both follow-up times. as shown in Table I , there were statistically significant differences between employed and unemployed patients in terms of personal factors regarding pre-injury employment and injury severity and in the environmental factors of support by friends, use of rehabilitation services, the presence of an individual rehabilitation plan, and driving a vehicle at the 1-year follow-up.
Predictors of employment 2 years after injury
The first multivariate logistic regression model showed that patients with less severe injuries had a 1.2-times higher probability (OR = 1.2, p=0.03) of being employed at the 2-year follow-up than those with more severe injuries. patients with support from close friends had a 3.5-times higher probability of being employed at the 2-year follow-up, with a p-value approaching the significance level (OR = 3.5, p = 0.07). Patients without an individual plan of rehabilitation had a 4.1-times higher probability of being employed (OR = 4.1, p = 0.04), and patients driving a vehicle at the 1-year follow-up had an 8.4-times higher probability (OR = 8.4, p < 0.001) of being employed (table ii) . Gender and rehabilitation services were clearly not significant in multivariate models (p = 0.5 and p = 0.6, respectively). The model as a whole explained 38% (cox and snell r 2 ) and 51% (nagelkerke r 2 ) of the variance in employment status and correctly classified 79% of cases. The Hosmer-Lemeshow goodness-of-fit test found that the model was good (p=0.28).
when pre-injury employment was included as an independent factor in the second regression analysis, we found that previously employed patients had a 25.6-times higher probability of being employed 2 years post-TBI (OR = 25.6, p = 0.004). Injury severity by GCS score was marginally significant (p = 0.058). Patients without an individual plan of rehabilitation had a 5.3-times higher probability of being employed (OR = 5.3, p = 0.02), and patients driving a vehicle had a 7.9-times higher probability of being employed at the 2-year follow-up (OR = 7.85, p = 0.001) (Table III) . Gender (p = 0.5), friends (p=0.4) and rehabilitation services (p = 0.4) were not significant factors. The second model explained 44% (cox and snell r 2 ) and 59% (nagelkerke r 2 ) of the variance in employment status and correctly classified 82% of cases. The Hosmer-Lemeshow goodness-of-fit test showed that the second model was also good (p = 0.20). discussion this study attempted to describe employment outcomes 2 years after injury, and to assess the role of personal (gender, age, education, work demands, marital status and child-care) and environmental (support by friends, number of rehabilitation services used, individual plan, driving vehicle) factors in predicting employment outcomes 2 years after moderateto-severe tbi when adjusting for the acute Gcs score. the employment rate at the 2-year follow-up was 44%, and the majority of the patients were considered stably employed. of the personal factors, age, gender, education, work demands, marital status and responsibility for child-care were not significant predictors. Of the environmental factors, the presence of an individual rehabilitation plan and driving a vehicle were significant predictors of employment 2 years after TBI in both multivariate models. as expected, pre-injury employment was a highly significant predictor of employment outcome at the 2-year follow-up. the employment rate at the 2-year follow-up was similar to those reported in the van velzen et al review (9) . previous studies have shown an increase in employment rates over time after tbi (10, 11) . However, this was not the case in our study, where the employment rate of 50% at 1 year after tbi dropped to 44% 2 years after injury. this decrease may be understood in the context of norway as a welfare state. a large proportion of the patients with long-lasting impairments will qualify to receive disability pensions within 2 years after tbi and may therefore not have to return to work. it is well known that changes in the economic climate may lead to a fall in employment. the last employed worker who gets into a company is usually the first to go when cuts are made. However, we do not believe that this was the case in the present study, as the global economic crisis in 2008-2009 has had a significantly smaller impact on norway compared with other european countries. furthermore, the fact that the majority of employed patients were stably employed at 2 years may indicate that employers are willing to adapt the working situation to keep them in their jobs, thus reflecting the "cooperative agreement for a more inclusive work place" introduced in norway in 2004 (http:// www.nav.no/). in contrast to other studies (14) , gender was found to be a non-significant predictor of employment outcome 2 years after tbi (10, 14) . a limited study sample (n = 100) and a small amount of women (n = 23) may explain this finding. It was more surprising that neither age nor education were significant predictors, a finding that was in contrast to the literature (27) . many researchers have set the age of 40 years as a cut-off for predicting successful rtw after tbi, where patients below the age of 40 years fare better than older adults (28) (29) (30) . the limited age range and the fact that only 24% of our patient sample was between 40 and 55 years of age are possible explanations for the finding that age was not a significant predictor in this study.
in line with the study by Keyser-marcus et al. (30) , education level was not a significant predictor in this study. A substantial number of studies support the role of education as predictor of employment outcome in patients with tbi. Gollaher et al. (19) found that education, pre-injury productivity (employment/ studying) and level of disability correlated significantly with employment status 1-3 years following tbi. some possible reasons for the discrepancy between our findings and the literature may be the categorization of education used in this study, a similar frequency of high and low educational groups and the stability of the labour market in norway.
Marital status was not found to be a significant predictor of employment outcome, in line with some studies (21, 31) and in contrast to others (11, 32) . Kreutzer et al. (11) found that married couples were more likely to be employed and to remain stably employed. However, the majority of patients in this study had a stable living situation during the first year after the injury.
work demands, dichotomized into white-collar (professional, managerial or administrative) and blue-collar (manual labour) work, were not a significant predictor of employment status in this study. However, the existing literature reveals a trend in the relationship between work-type and rtw after tbi. walker et al. (33) showed that individuals with tbi in prior professional/ managerial positions were 3.0 times more likely to rtw than those in manual labour positions. fleming et al. (13) also found that pre-injury occupational status was a significant predictor of rtw, and patients with prior upper-status occupations were more likely to rtw after tbi. a likely explanation for the discrepancy in the findings between our study and other studies is that the majority of patients in both qualification groups had a stable work experience prior to injury.
pre-injury employment status and injury severity are known to be strong predictors of post-injury return to work (30, 34, 35) . in our previous study (18) , we found that the probability of being employed 1 year after injury was 95% lower for pre-injury unemployed patients and 74% lower for patients with more severe brain injury. The main explanation for these findings is that individuals with work experience prior to injury and those with less severe injuries cope better with employment reintegration.
social support, including family members, friends and community members, was viewed as necessary for successful rtw (36) . Support by close friends approached the significance level as a predictor in the first regression model. When prior employment status was included in the model, having friends was no longer a significant predictor. A possible reason might be that many of the friendships were established at and maintained through work, so that the effect of having friends coincided with employment status. in fact, three-quarters of the patients who reported no friends support were in the non-employed group. However, very few studies have focused on friendship in relation to tbi. it has previously been reported that persons with severe TBI are at a high risk of social isolation and significantly decrease in their friendships and social support as well as limited opportunities to establish new social contacts and friends (37) . a study by engberg & teasdale (38) suggested that the ability to retain a network of family and friends may be an important factor for long-term survival after tbi.
institutional support, such as the number of rehabilitation services, was not a significant predictor in this study. In contrast, the need for well-coordinated healthcare and rehabilitation services was a highly significant predictor. In Norway, the most central rehabilitation tool for patients in need of long-term and well-coordinated healthcare services is the individual plan, in accordance with statutory regulations (law for patients rights 1999) (39) . patients with an individual plan often used several coordinated rehabilitation services, indicating more severe impairments. thus, it was not surprising that the presence of an individual plan was a significant negative predictor for rtw after tbi. our results are in accordance with the study by bowman (40) , which found that individuals who used several rehabilitation services had lower levels of occupational activity. in contrast, vogenthaler et al. (21) found that a high level of use of rehabilitation adjustment services was associated with greater productivity.
Kreutzer et al. (11) reported that subjects who could drive their own vehicle 1 year after a tbi were more than 4 times more likely to be stably employed than those who had to rely on others for transportation. Klonoff et al. (27) found that returning to driving was significantly related to competitive status (working/in school) at follow-up 1-7 years after brain injury. for those who were unable to drive, the availability of transportation support was noted to be the strongest instrumental element that influenced RTW after TBI (36) . We found that patients who had resumed driving at the 1-year follow-up were approximately 8 times more likely to be employed 2 years after moderate-to-severe tbi than those who were dependent on others for transportation. patients' driver's licences were revoked after their intracranial brain injuries. to obtain permission to resume driving, patients with tbi must undergo multidisciplinary assessments in order to determine whether they are able to drive, including medical evaluations, neuropsychological assessments, driving simulators and onroad evaluations (41) . individuals who resume driving may be less severely injured and more cognitively able to perform the complex task of driving (which transfers to complex work tasks). in addition, having a car would suggest a higher income because it is expensive to pay for both a licence and a car.
this study has limitations that should be considered when interpreting the results. the study included patients aged 16-55 years who experienced a moderate-to-severe tbi 2 years previously. therefore, the results may not generalize to patients outside this age range, to patients with mild tbi, or to individuals more than 2 years post-injury. based on the findings of the regression models, there are other unmeasured factors (such as functional status) that may have a significant effect on employment outcomes.
the study results shed light on several environmental factors that could influence vocational outcome after TBI. The findings support existing evidence on relationships between pre-injury employment, injury severity and future employment outcomes. of the environmental factors, support from close friends tended to be a positive predictor, whereas the presence of an individual rehabilitation plan was a negative predictor of employment outcomes. access to one's own transportation was a strong positive predictor of employment at the 2-year follow-up. the data reveal that the important personal and environmental factors influencing employment outcome in the welfare state of norway did not differ from prior studies from the usa. rehabilitation professionals should be aware not only of the patients' functional status, but also of the physical, social and attitudinal environment, when planning vocational rehabilitation services after tbi. interventions designed to improve the employment outcome of patients with tbi should integrate this complexity and include rehabilitation efforts targeting social relations in order to secure best outcomes for patients, and future research should focus on such environmental interventions. in addition, future studies with a mixed model design are required to further explore the relationship between environmental factors and employment outcome. acKnowledGements the authors would like to thank all the patients for their participation. special thanks to nini Hammergren for assistance with patient registrations. this study was funded by grants from the norwegian Health south-east authority and the research council of norway.
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